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ABSTRACT

Solar radio temi)erature contour maps made at The Aerogpace Corporation
at a wavelength of 3.3 mm are analyzed to develop a method of forecasting
solar flares of classes 1N and 1B. Fundamental to the ensuing analysis is
the demonstration that most of the radic sources associated with the sunspot-
plage systems are not spatially resolved by the radio telescope and, hence,
only the peak temperature enhancements due to these local radio sources are
employed in the study. Evidence is presented indicating that flare-prone
plage regions, which belong to recurrent families of flare-productive regions,
exhibit a relationship betweeh flare production and radio temperature charac-
teristics considerably unlike that exhibited by virgin plage regions, wvhich do
not have such a history of flare activity. Most importantly, the results are
interpreted by means of graphs which permit the inference of class 1B or 1N
flare prcbabilities based on the peak temperatiure enhancements measured at
3.3 mm. In particular, the forecast obtained is the probability that a given
flare-prone plage region will produce a class 1B or 1N flare {two quoted prob-
abilities) during the period of its disk transit.
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I, INTRODUCTT O

This report is in response to Task IV of NASA contract NAS 2-66Sh
"Solar Flare Predictions and Warning." The purpose of thie task is to
perform an analysis of solar radic temperature contour maps made at a
wavelength of 3.3 mm in order to determine the feasibility of forecasting
solar flares of optical class 1. The report consists of an explanation of
the rationale employed, a critical review of the data obtained, the anal-
ysis of these data and, finally, the consequences these results have in the
application of the method to accurate forecasting of class 1 solar flares,

The data to be input to the forecasting method developed in this report
are obtained from daily solar radio maps made using the 15-ft radio tele-
scope of the Aerospace Corporation, which is described by Mayfield et al.
{1970} and in more detail in references cited therein. The analytical scheme
enployed in the interpretation of the radio maps is that established by -
Mayfield et al. (1970); a very brief recapitulation of their method and

conclusions is appropriate at this point.

The analysis of the radio maps begins with selection of an inactive
region on the solar disk, which serves as a normalization point for temper-
ature readings across the whole solar disk. Contours are then drawn through
equal temperature readings in increments of 1% abovelor below the normal-
ized point. Reliable contours cannot be drawn more than about 65° from the
central meridian because of foreshortening effects. Activity centers appear
as "hot spots" {hills on the contour maps) with typical peask enhancements
of L% to 10% Additionally, temperature slopes are calculated in the opera-
tionally simple units of percent enhancement per heliographic degree, and
are typically a couple to a few tenths in these units, which we abbreviate

as % (HP)-l.

These two observational quantities are important because Mayfield et al.
(1970} have shown that reliable forecasts of solar flares can be extracted
from them. Specifically, they have shown that flerea of optical class =2F
can be expected to occur within 24 hrs (usually, or up to 48 hrs in some

cases) after an active region attains a peak enhancement =8.5% and a
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temperature slope 20.5% (Ho)‘l. The present effort is directed toward
extending the forecast capability to less intense flares, namely of
classes 1N and 1B.

The criteria established s a result of the previous work were
operationally useful; measurements could be made and class 2 flares could
be anticipated or not anticipated on the basis of the measurements. The
results at that time, though, fell short of providing all the physical
insight one would desire to obtain about the active plage regions being
measured. For example, the physical significance of the measured temper-
ature slopes was not entirely understood; some of the hottest regions
exhibited some of the steepest slopes, but what characteristics of the
local sources on the sun would determine what slopes would be measured?
This problem was re-asddressed at the outset of the current effort to gain
the understanding required to ensure the validity of any eventual forecast-

ing method developed.

By inspection of numerous radic contour maps, it was noted that many
enhanced regions appeared as nearly circular concentric contour lines,
especially when any one region was relatively unconfused by other regions.
This realization was taken as a hint that such regions were not being spa-
tially resolved by the radio telescope. A brief explanation of this
regsoning is appropriate here. One should begin by recalling that a trans-
mitting antenna and a receiving antenna (like a radio telescope) can be
understood in reciprocal terms, that is, in some respects one operates just
"inverse" to the other. It is commonly understood that a transmitting
antenns beams its signal preferentislly in certain directions. Furthermore,
because of the reciprocal relatiounship of receiving and transmitting anten-
nas, a receiving antenna preferentially receives signals from certain
directions. An example of these operational characteristics of a receiviung
antenna is familiar to anyone who has gpent hours on a rooftop pointing a
TV antenna in different directions to receive the best picture he can. He

is demonstrating to himself the beamed response of his TV antenna.

In the case of the Aerospace 15-ft radio telescope, most of the signal

rgceived by the antenna must lie within a narrow cone around the pointing



axis. The angular width of this cone is 2.8 arc min (HPEW). If one
pointed the telescope directly at a point-source (no resolvable dimensions)
so that the source lies exactly along an extension of the pointing axis,
and took a measurement he would get a wvalue M, which is the maximum value
(peak response) one could obtain for this source with this telescope.,
(This corresponds to the "best" picture one could obtain on his TV set.)
Tf the telescope is mispointed just slightly (or the TV antenna turned),
the messured value of the source would be something less than M (the TV
picture would degrade somewhat). The decrease in the measured signal from
the point source is not due to the source or its shape (it is pointlike and-
shape can't be discerned) but only to the decreased response of the teles-
cope antenna. How the response varies around the pointing axis is known
as the beam shape; for the Aerospace telescope, the shape is very nearly
Gaussian (bell-shaped}. Hence, measurements of a point-source with the
radio telescope would resilt in a peak measurement when the antenna points
directly at the source and lower values as the antenna beam is moved:
around so that a lower response part of the beam is pointed directly at
the source, If we make a contour map of these measurements, we would
obtain concentric circular contours spaced appropriately for a bell~shaped
"ill." 1In other words, the steepness of the slope down the "hill" would
just be that appropriate to the beam shape. We would not have measured

anything about the characteristics of the point-source except its peak

response,

The point-source approximation is wvalid for a source not any larger
than perhaps a fifth of a beamwidth. For larger sources, some of the shape
and size will begin to be measured, but reliable shapes and sizes can only
be determined for sources which are larger than the beamwidth (2.8 arc min).
Both of these cases probably occur with active sunspot-plage regions on
the sun, but we now realize that it is important to know whether or not we
are resolving or, at least, partially resolving local sources on the sun so
that we can know if the measured temperature slopes pertain to the solar
regions or are merely characteristic of the antennsa beam. With this dis-

tinetion in mind, a plot of & region's peak temperature enhancement vs.



its average temperature slope in the direction of steepest descent is pre-
sented in Pigure 1. The data here have been obtained from plage regions

which appeared on contour maps from 13 February tc 27 May 1971, The pro-
cedure for determining the peak enhancements emphasizes care in choosing the
normalization point by restricting the cholce to the central region {+ 350

in longitude) of the disk and, with the aid of H o pictures, by eliminating
regions with dark filaments visible or a history of dark filaments. BSuch
regions can result in anomalously low normalization readings (see Kundu,

1970, and White, 1972, for a discussion) and, hence, anomalously high read-
ings at other points on the disk. This caution has been maintained throughout
the data analyzed in this report and, although such a procedure differs from
that -of earlier work (e.g., Mayfield et al., 1970}, it should ensure a greater
degree of hombgeneity in the data, Likewise, a slightly different procedure
for determining the average temperature slope in the direction of steepest
descent has been employed: the measurement is made over a distance equal to
100 arc sec in the sky (the separation of data points on a map), so that the
average pertains equivalently to a distance on the sun of six heliographic

degrees near the center of the disk.

With these explanations clear, the meaning of the plot in Figure 1 can
be interpreted. The points scatter above and to the left of the line indi-
cating the temperature slope which the antenna would measure for a given
peak temperature enhancement when a point source (completely unresolved source)
is observed. This line is, therefore, just a "reflection"” of the shape of
the antenna beam. Observations of point sources (with no errors) would fall
exactly along this line. When we view the antenna beam as & probe and real-
ize that it has a finite width, then we see that we cannot hope to measure
any radio sources narrower or more peaked than the limit imposed by the
antenna beam. The final result, the response of the antenna, is always
going to be as broad as the antenna beam plus the additional breadth of the
radio source. This additional breadth for a given peak temperature enhance-
ment means that the contour "hill" is "fatter" and, hence, the temperature
slope is less; data points will scatter to the left, the further to the left
indicating a larger and larger radio source on the sun.

i
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Figure 1.

DESCENT  ( PERCENT PER HELIOGRAPHIC DEGREE )

Peak temperature enhancement of plage regions from 13 February
to 27 May 1971 vs the corresponding average temperature slope
in the direction of steepest descent to a distance of 100 arc
sec from the peak. The line indicates the theoretical demar-
cation imposed by the antenna beamwidth.



Mot all the scatter in Pigure 1 is real, of course, 8Some of the scatter

is "noise" in the measurements due to clouds and jiggling of the antenna.
Certainly, the points which fall below the line are physically impossible

(the response of the antenna cannot be narrower than the antenna beam) and
perhaps the only plausible explanation is that the background, undisturbed
solar surface, is not even; for example, dark filaments threading through
active regions could cause this type of result. Furthermore, the plot con-
tains data from many different plage regions and they will, of course,
exhibit a variety of sizes and any one radio plage region may vary in size
from day to day. Future work is designed to unravel the contributions to
the measured size due to the antenna beam and that actually atiributable
to the radio plage or radio sunspot; these contributions are still Iumped
together in Figure 1. The conclusion to be drawmn from the plot which has
a bearing on the present work is that the majority of data points lie
close enough to the limiting line that most of the local radio sources
will not be resolvable and that, therefore, the measurement of a region's
average temperature slope is redundant information; one need only obtain
8 region's peak temperature enhancement to extract all the information one

can regarding the intensity of the radio plage.

Before we can employ the peak tempersature enhancement as a parameter
correctly describing the local radio sources with complete confidence, we
should test to determine whether there are foreshortening effects, due to
the location of regions negr the sun's limb, which would systematically
alter our measurement of the true peak enhancements. This test has been
performed in the plots in Figures 2 and 3. Measurements of the peak enhancee
ments of the plage regions plotted in Figure 1 were made at different dig-
tances from the central meridian as the sun's rotation carried the regions
across the solar disk. All the measurements of a single region were nor-
malized to the maximum peak enhancement for that region, and then all such
normalized peak enhancements for all the regions were plotted against their
central meridian distances., The tremendous scatier in Figure 2 prevented
any conclusions from being drawn, so Figure 3 was constructed from the
loo-averages of the data in Figure 2. Out to a distance of 300 any variation
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For the period 13 February to 27 May 1971, all the peak enhance-
ments measured for a given plage region were normalized to the
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is remarkably absent; even the small variations out to 500 are considered
insignificant, The fall-off from 50°-60°7 is at least partially due to a
small sample size., We can conclude, based on the interpretations of
Figures 1 and 3, that we will not be losing information about the radio
plage regions by measuring only their peak temperature enhancements, and
that we can rely on these measurements to be valid out to a distance of

50° for sure, and probably even 60°.

With these modifications to previous measurement technigques explained,

we can proceed to a review of the data obtained.
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1I. REVIEW OF THE DATA

Since our purpose is to test the feasibility of forecasting class 1
solar flayes on the basis of interpretation of 3.3-mm radio contour maps,
the data necessary for the analysis logieally fall into two categories:

1) data pertaining to solar flares that have occﬁrred; and, 2) data ex-
tracted from the contour maps. - The solar flare data are sumarized in the
flare-recqrd chart of Figure k. The information contained in this chart
covers the period of 1 June 1970 to 30 June 1972 and includes all McMath
plage regions which crossed the central meridian of the sun during thet
interval and produced at least one flare of optical class = 1B (e.g. 1B,

°F, 2N, 2B, etc.)}. The calendar format of the chart is arranged on a 27-day
rotation period of the sun and coincides with the Bartels rotations whose
numbers appear at the extreme right-hand side. Each plage region qualifying
to be on the chart is indicated with an open triangle whose vertex indicates
the day and decimal of a day that the region crossed the central meridian.
Northern regions are presented in the upper half of each 27-day row by tri-
angles pointing down, while southern region triangles point up from below.
The annotation on the left side of each triangle is the McMath plage number
(the first one is #0780, the last is #11926), while on the right side is
the latitvde of the plage center. The data for each plage have beeﬂ extrac-
ted from Solar Geophysical Data (Comprehensive Reports) for all plages through

December 1971. Additionally, for all plages from August, 1970, through

October, 1971, the regional flare index as computed by NOAA is included within:
the plage's trlangle; the larger the number, the more flare activity the plage
region exhibited. The data for January through March, 1972, have been extracted
from Solar-Ceophysical Data (Prompt Reports), while those for April, May, and June,
1972, come from Solar-Geophysical Data {Preliminary Reports), and the astericks

indicate that the positions of the triangles are based on flare locations instead
of plage locatiouns,

The essence of the flare-record chart is the clustering of flaré-productive
plages along trend lines, which have been drawn in. When a plage has been
identified as belonging to & recurrent family of flare-productive regioﬁs, the
vertex has been blackened. The explanation for the recurrance of these re-
glons is not yet clear, although some of the work by Sawyer (1968) may be
related, 1In the present work we will find that plage regions which

-11-
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adhere to the trend lines differ from other plage regions in their 3:73-mm
peak temperature enhancements and subsequent flare intensities.

Data were extiracted from all the 3,.3-mn contour maps for the period
1 July 1971 to 30 June 1972. For each plage region appearing on the
contour maps, a peak temperature enhancement is obtained and plotted each
day. 'Then, for any one plage, all the points observed during the passage
of the plage across the disk are connected by straight lines, These plage
"temperature histories" are presented in Figures 5 through 8, segregated
according to the flares produced by the region, Furthermore, each day a
flare occurred, a cross has been placed on the date of the flare at the
peak temperature enhancement indicated for that region on the most recent
previous map. For example, Figure 5 exhibits all plage regions producihg
class 2F, 2N, or 2B flares; region #1148L (written as UB4) produced a class
2N flare on 27 August and the 3.3-mm peak enhancement was 5.0% on 26 Avgust,
rising to 6.9% on the map made on 27 August, but after the flare, Figure 6
exhibits all plage regions producing class 1B flares; region #11516 produced
a 1B flare on 17 September after a peak reading of 10.0% on the previous day,
with the next peak reading of 8.8% not being made until 18 September. Region
#11516 also appears on Figure T because it produced a class 1N flare on 15
September., Sometimes a cross will appear in the same position on two different
figures, because flares of more than one class occurred during that day. For
example, region #11693 shows class 1B and 1N flares on 19 January (Figures 6
and 7, respectively), while the region also appears on Figure 5 due to a class
2B flare on 14 January. The data exhibited in Figure 8 pertain to plage
regions which did not produce any reported flares classified as 1N or greater
and, thus, no crosses appear on this figure. It should be noted that, while
Figures 5, 6, and T contain complete samples {(no qualifying plage regions fail
to show up), Figure 8 has an incomplete sample, since many regions not pro-
ducing flares never attained a minimum peak temperature enhancement to be

reliably detected.

A1l the data available for the study encompassing FY 1972 are contained
in Figures 4 through 8 plus a list of all flares of class = IN (a total of 152),
which is not presented per se. What remains now is the analysis of-these data
to investigate the possibility of forecasting clsss 1 flares.
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Figure 6. Peak temperature enhancement histories for all plage regions pro-

ducing class 1B flares in FY 72. The crosses indicate the flare
date and most recent pre-flare peak enhancement measurement,.

a. Data for 1 July through 31 December 1971; b. Data for 1
January through 30 June 1972.
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a. Data for 1 July through 31 December 1971; b. Data for
1 January through 30 June 1972.
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IIT. ANALYSIS OF THE DATA

Without any further preparation or sifting of the data in Figures 5
through 8, attempts were made to understand the.re;ationship between preced-
ing 3.3-mm pesk tempersture enhancements and flare occurrence snd flare class
by means of various aversges of regions which produced a certain c¢lass of
flare, For example, the average pre-flare 3,3-mm peak enhancement was -com-
puted for all regions which eventually produced class 1B flares. Other
aversges included the average pesk enhancement measured just following a
flare event end the average net change in enhancement from measurements hefore
and ﬁfter the flare. Differences in the averages, of course, existed, and one
could interpret the results in a way which made sense. It was felt, though,
that the data were being compromised, that more definitive statements about the
probability of flare occurrence could be made. To do this required some refine-

ment of the data sample. The following discussion explains the logic behind
those refinements, S
Contours on the radio maps can be drawn and read accurastely to a dis-

. tance of about 650 from the central meridian. Beyond this 1imit foreshort-
ening due to proximity to the limb becomes go great that thé contours are
squeezed too close together for accurate measurement, Furthermore, the dats
presented in Figure 3 indicate that the pesak temperature enhancements mesa-

sured between 500-600 from the central meridian may be slightly reduced fnmh
their true values, perhaps also due to foreshor{ening or some sort of anisotropy
in the radio sources. The apparent decrease may also be due to a statistical
fluctuation due to the small sample size in that interval. In light of these
considerations, measurements of peak temperature enhancements made beyond 60°

were deleted from further analysis.

It was noticed in Figure 8 that the majority of regions not producing
any flares = 1N clustered around a peak enhancement of about 5% with a spread
from day to day of perhaps t 1%, some of which is noise and some of which'ie
evolution of the regions. (This mean is below the mean peak enhancements
measured before class 1N and 1B flares, which were 6.2% and 6.4%, respectively.)
Standing out above the crowd in Figure 8, though, are a number of regions that
reached a meximum pesk enhancement in excess of 8% without flaring. These re-

gions were examined as a group and were found to be almost exclusively plage

-21-
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regions which did not lie along the flare trend lines in Figure 4 and they
are, therefore, called virgin regions, since they have ho history of flare
activity according to the flare-record chart. Regions which do lie along
the trend lines, even those which do not produce flares during a given disk
pagsage, are said to have positive flare histories. The data of Figures 5.8

were theun re-exsmined with a division into these two categories.

Table T presents data for plage regions with positive flare histories in

an analysis designed to investigate plage regions prior to class 1B flares,
A1l the data in Table I are the reliable data selected from Figure 6 for
regions which did produce class 1B flares plus the reliable data from Figure 7
for regions which produced 1N flares, but not any greater, and from Figure 8,
All the entries are ranked in descending order. The entries from Figure 6
are the pre-flare peak temperature enhancements, while the entries from Fig-
ures T and 8 are the maximum peak temperature enhancements attained by the
non-flaring plage regions. Additionally, there are forty-six plage regions
with positive flare histories (but no 1B flares) which were below the thresh-
hold of reliable detection on the contour maps, and they, supposedly, would
all be ranked near or below the 3.4% maximum peak of plage #11667. By
inspection of Table I, one sees that the flaring plages are generally concen-
trated near the head of the list and, in fact, the hottest three regions all
produced class 1B flares, Furthermore, near the bottom of the list there is
a depletion of the regions which did not flare because of the threshhold for

detectability, as mentioned above,

The data of Table I were analyzed by grouping the data together over a
span of 0.5% and calculating the percentage of the group which produced 1B
flares. The resulting data points are plotted in Figure 9 and fit with an
eyeballed best-fit curve. The first three data points from 3-4.5% have not
been included in the fit because of the depleted sample of non-flaring regions,
as explained above, which would incorrectly boost the plotted points. Also,
the seven dats points above 7.8% are excessively scattered because of the
thinly distributed temperature enhancements ranked near the hot end, and they
have been excluded from the curve fitting, Finally, it will be noted that
the sample indicates that sll positive flare history plage regions with peak

enhancements > 9.7% will produce class 1B flares.
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Figure 9. Data taken from Table I (averaged over 0.5% ranges) showing the
probability of occurrence of a class 1B flare during a flare-
prone plage region's disk transit as a function of the daily
measured peak temperature enhancement. See text for discussion
of the non=-fitted data points.
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Table IT is & repeat in format of Table I, but now the data pertain to
plage regions with positive flare histories which did produce a class 1N flare,

but not greaster (from Figure 7}, and those which produced no flares at all
(from Figure 8). The same comments about the depletion of the sample of non-
flare regions ranked near the bottom of the list apply to Table II as they
did to Table I and, consequently, the data points from 3-4.6% plotted in
Figure 10 have been excluded from the curve fitting procedure. Onece again,
in Figure 10, the plotted points represent averages over a span of 0.5 % in
temperature enhancement, For example, the average probability of occurrence
of a 1V flare when the peak enhancement lies between 6.4% and 6.9%, inclusive,
is 33% as found from the dals in Table IT and plotted in Figure 10, Unlike
the data for the 1B flares, the data for the 1N flares are distributed more
evenly toward the 100% probability level (at 8.4% enhancement), which mskes
it unnecessary to discard any of the higher peak enhancement data points

from Figure 10. Based on the data semple, all positive flare history plage
regions with peak enhancements = 8.4% will produce class 1N flares,

Nothing has been said about analysis of class 2 flares, because the
gsample sizes are so small, A qualitative discussion of these flares will be
presented in the next section. Also, it does not make sense to analyze the
class 1B flares which occurred in virgin plage regions (negative flare history),
'since there wére only three examples, two of which had reliable pre-flare peak
temperature measurements of 5.9% and 6,2%. On the other hand, the sample of
clags 1N flares from virgin regions, while not large, is worth aﬁalyzing.

The data are presented in Table ITI. The distribution of flaring regions,

as seen from the table, is wvastly different from the other two groups analyzed;
flares occurred in 9 of the 109 regions. Even this rate of occurrence is an
inflgted estimate of the true rate, since more than 300 other regions were
asgsigned Mc Math  plage numbers and did not flare, but their peak enhance-
ments fell below the threshhold for reliable detection. Figure 11 exhibits
the "inflated" data points teken from Table III, At best, the probability

of occurrence of a clags 1N flare in a virgin region never exceeds 10-20%.

The scatter of data points for emhancements from 5-6% is not unlike those in

Figures 9 and 10, but for some not understood reason the appearance of 1IN
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Figure 10, Data taken from Table II (averaged over 0.5% ranges) showing
the probability of cccurrence of a class 1N flare during a
flare-prone plage region's disk transit as a function of the
daily measured peak temperature enhancement. See text for
discussion of non-fitted data points.
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Figure 11. Data taken from Table III (averaged over 0.5% ranges) showing
the probability of occurrence of a class 1N flare during a
virgin plage region's disk transit as a function of the daily
measured peak temperature enhancement.
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flares in hotter plage regions fails to occur. Furthermore, the flares
which did occur were markedly deficient in the production of 3-8 .K X=rays;
only one of the regions (#11496) produced a moderate flux of x-rays, while
a1l the others produced minimal detectable levels or no detectable increase
at all, The reasons for these characteristics are not understood, but it is
clear that we have isolated a certain type of plage region unlikely to pro-
duce energetic flare activity, even when the peak temperature enhancements

are high.
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1V, INTERPRETATION OF THE RESULTS

The resultslof'the study are effectively summarized by the plots in
Figures 9, 10, and 11. The information contained in these plots can have
very worthwhile application in providing forecasts of the probability that
¢class 1B or 1IN flares will occur in specific active plage regions, The

explanation of how to prepare such forecasts follows directly.

The routine procedure begins with examination of the daily solar
radio map made at the Aerospace Corporation. With reference to H « pictures,
a normalization point is chosen in an undisturbed rzgion and the peakx temp-
erature enhancements of various plage regions are accordingly calculated.
For those vegions of interest (perhaps with peak emhancements = 5,0%), it
is determined from the flare-record chart of Figure L which regions have
positive flare histories. For the regiouns identified at this time as virgin
regions, it is probably safe to discount any flare likelihood, regardless of
the observed peak enhancement, on the basis of the data in Figure 11. On the
other hand, for the regions with poéitive flare histories, one should refer to
Figures 9 and@ 10. Let us suppese that a certain region exhibits a peak en-
hancement of T.h%. Then from Figure 9 we can infer that there is a probability
of 48% that this region will be the sité of a class 1B flare during its disk
transit. Likewise, from Figure 10 we infer that the region has a probability
of 56% of producing a class 1N flare during its disk transit. Furthermore,
if the peak enhancement the next day has risen to 8.1%, let us say, then the
probabilities will be increased to 63% for 1B flares and 82% for 1N flares.
The value of this ability to make definitive forecasts of flare probabilities

is obvious to anyone desiring to optimize a flare observation program.

Some final comments need to be made about ciass 2 solar flares and the
3.3-mm observations preceding them. FY T2 witnessed a considerable decrease
in the frequency of large, energetic solar flares, in accordance with the
fact that solar cycle #20 reached its maximum in 1968-1969 and is now on the
decline. Of the class 2B flares which occurred, only two had reliable pre;
"lare measurements made; namely, 5.0% two days prior to the flare and 8.4%
cne day prior to the flare. The first flare, which appears to be a legitimate,

moderately energetic 2B, occurred in a2 virgin region which never attained a
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peak enhancement in excess of 6.4%. The second flare, plus two others
with unrelisble pre-flare measurements, were all produced in plage regions
with positive flare histories; they reached maximum peak enhancements of
8.4%, 9.2%, and 11,0%. This final peak is the largest enhancement mea-
sured for any plage region during FY 72, so that even though statistically
significant conclusions camnot be drawm regarding class 2B flares, the

indications are that such flares occur more likely in "hotter" regioms.

All four confirmed 2N flsres occurred in regions with positive flare
histories. Only three of these had reliable pre-flare measurements made

and any concliusions will have to await a larger sample.

-32-



REFERENCES

Kundu, M. R.: 1970, Sol. Phys. 13, 348.

Mayfield, E. B., Higman, J. A., and Samson, C. F.: 1970, Sol. Phys.
13, 372.

Sawyer, C.: 1968, Ann. Rev. Astron. Astrophys. 6, 115.

Solar-Geophysical Data, U.S. Department of Commerce (Boulder, Colo.).

White, III, K. P.: 1972, "Temperature Depressions at A = 3.3 mm",
* presented at SPD meeting of AAS at University of Maryland.

-33-



G

E.

.F.

Ao

hY
Ao

N.
Je
g

We.

B.

A.

Becker

“Chapmen

Fr:%‘i%r

~

Janssens -,

Jensen
King
Mayfield

Morse

Paulikas

INTERNAL DISTRIBUTION

¥

7

s
r £ H .

H.

F.

T.

Je

L.

A,

E.

K.

F, Prime

R. Rugge
Shimabukuro
Shiokaeri

H. Underwood
Vrabec

B. C. Walker, Jr.
T. Welmers

P. White, III



